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One of the most enigmatic characteristics of
the Allende CV3 meteorite is thveidespread presence
of fayalitic olivine with several distinct occurrences
[1-4]. Fayalitic olivine is the dominant component of
the dark, fine-grained matrixndalso occurs as veins
and rims inchondrules, replacing both forsteritic oli-
vine andlow-Ca pyroxene. It also occurs as @tera-
tion product of CAls [5]. The origin of thes#fferent
types ofFeO-rich olivinehasbeenthe subject of con-

thin (3-5 nm), irregularly-shapedooorly graphitized
carbon (PGC) crystallitesre also found associated
with the pentlandite, but rarely with the spinel. Cur-
sory examination suggestshat voids are present
within some ofthe olivinegrains,but HRTEM imag-
ing has shown that these regions actually consist
largely of PGC.

Olivine veins. [3,4,11] have previously described
veins of FeO-rich olivine cross-cutting forsteritic

siderable discussion and several different models havechondrule olivines. Theghowedthat theveins fre-

been proposed texplain their textural andomposi-
tional characteristics. The mostidely favored sce-
nario involves formation inthe solar nebula either as
condensates from a nebular gas (matrix) ocdyyden-
sation andeaction with an oxidizing nebular gas for
the case ofrims andveins associated with forsteritic
olivine and enstatite [1-3]. Alternatively, ihasalso
been proposedhat the replacement of enstatite by
fayalite is a solid state oxidation reaction which oc-
curred within a parenbody environment [4].Most
recently [6] have arguethat essentiallyall the faya-
litic olivine in Allende may have formed by progres-
sive aqueousilteration of matrix anahondrule sili-
cates, followed by metamorphic dehydration of the
product phyllosilicatesThis model is based on evi-
dence obtained from petrographic studiesafk in-
clusions in Allendeand other C\thondrites [e.g. 7,8]
which indicatethat these inclusions may have experi-
enced aqueouslteration anddehydration to different

qguently contain abundant chromigéad/or hercynitic
spinel, sometimes crystallographically oriented with
respect tothe olivine. Theseobservationsare con-
firmed in thisstudy. The olivine within the veins is
typically in crystallographic continuitwith the Mg-
rich hostolivine, but the vein olivine appears strained
and contains abundawstosely spaceglanar defects
on (100), essentially identical to thosenmatrix oli-
vines in Bali [12]. Insome veinghe interfacébetween
the fayalite and theforsterite host is generallgharp,
but highlyirregular,sometimes displaying a sawtooth
texture in which tooth-shaped regions of fayalitic oli-
vine protrude into the forsterite. In contrast, many
veins, there is no clearly defined interfaaed locally
the planardefects extendhto the forsteritefor up to
100 nm from themain vein. Some veins alscontain
numerous voids, up to 200 nm in size, whickséme
casesare faceted. It isnot clear whether theseids
are the result of preferential ion milling of an addi-

degreesand thatthese same processes have also af-tional inclusion phase. Although most veins appear to

fected Allendehost as well. In an effort to determine

consist of single crystalsome veinsareclearly poly-

which of these models is correct we have undertaken acrystalline in character agescribed by [11]The oc-

detailed microstructuratudy using TEM offayalitic
olivine from a variety of different occurrences in host
Allende and compared them witlobservations made
previously on two dark inclusions in Allende [9].
Matrix olivines. Matrix olivines in Allenderange
from tabular to equant [10]. Margrains appear to be
essentially free of dislocations other defects. How-
ever, a significant number do contain submicron in-
clusion phases (5 to 4@m), dominantly Mg-Al
chromiteand pentlanditeysually as individual, iso-
lated grains,but occasionally associated with each
other. The largest spinel inclusiomsay be faceted,
but the pentlandite grains aygically not and neither

currence of chromite appears to be variable. mMist
common occurrence is as nanometer sized platelets,
crystallographically oriented with respect tiwe oli-
vine. In addition,some fayalitic veins haveentral
zones of coarser-grained, elongate chromites which
vary from100 to 200 nm in widtland carsometimes

be traced over several microns along the vein.

Olivine replacing pyroxene.Fayalitic olivine replac-

ing low-Ca pyroxene is extremely common in Allende
and istypically more advancedround the peripheral
regions of chondrules, but advanced alteration is
sometimes evident in enstatite phenocrysts in the cores
of chondrules. The microstructures fafalite which

phase appears to have a crystallographic orientationhasreplaced enstatite contrast dramatically with both

relationship with the host olivine. In additiomery

matrix andvein fayalite. This fayalite typically con-



Lunar and Planetary Science XXVIII

MICROSTRUCTURES OF FAYALITIC OLIVINE IN ALLENDE:

sists of crystallographically continuous regions of oli-
vine which can extendor several microns or more
and isessentially unstrainednd free of defects. The
only common microstructureme subgraifboundaries
which sometimes occur locallyithin the olivine.
Although most regions of olivinare essentially free
of inclusions, nanometer to submicron sized inclu-
sions of relict enstatitand chromite inclusions may
be present locally. Two distinct occurrences of
chromite arecommonly observed. Inhe first case,
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ing of complex hydrocarbon precursors, whiohly
form as a result ofow temperature processes. These
observationsre consistent with an origin loehydra-
tion of a phyllosilicate phase such as serpentine. In-
deedthe microstructures of the Allende matrix oli-
vines bear avery closeresemblance to olivines pro-
duced bythis mechanism in the unigquwarbonaceous
chondrite Belgica 7904 [12]. Aimilar origin has
been proposed for fayalitic veins in forsteritic olivine
andfayalite replacing enstatite [6However,the mi-

myriad, nanometer sized inclusions occur decorating crostructural differencesbetween Allende matrix

subgrain boundaries within tHayalite. Inthe second

case, they can occur distributed close to or at the inter-and replacingenstatite do not appear to be

face betweerthe fayalite and enstatite. Thehromite
crystals are invariably extremely fine-grained, typi-
cally <10 nm in sizeindusually subrounded in shape.
There is noevidence of crystallographic orientation
relationships between the fayalite host and the

fayaliteand thefayalitic olivine which occurs in veins
readily
reconcilable by such an origin. For the latter case, the
remarkable degree of crystallinity tfe olivine, ab-
sence of voidaind thefact that thefayalite invariably
consists of continuous regions which extendeer
several microngre not consistent with formation by

chromite. The textures resulting from the replacement dehydration, but by somipe of solidstate replace-

of enstatite by fayalitarecomplex, but severaliffer-

ent featuresmrecommonly observed. In regions where
partial replacement has occurred the enstatitdbels
replaced by tongues of fayalite which protruat® the
enstatite for several microns. These tongaes pref-
erentially oriented parallel to the (100) plane of the
enstatiteand theinterface betweethe two phases is
commonly planar, althougHedges afew units cells
wide are also common alonghe interface. Where
transformation is advancedsery thin, sometimes
acicular relicts of enstatite, highly elongate parallel to
(100), occumwithin the olivine.Remarkably, for most
occurrences studied to date there is no ratiornyastal-
lographic orientation relationshijpetweenthe two
phases.

Discussion.The microstructural characteristics of the
distinct occurrences of fayalitic olivine in Allende are

ment reaction. In addition, the presence of chromite
crystals decoratinghe interfacebetweenthe fayalite
and theenstatite suggedhat chromite is produced
because Cand Al in the reactingnstatite are not
readily incorporated into the produiayalitic olivine
and consequenthare precipitated at the transforma-
tion interface as chromite. Thbservation is also
inconsistent with a dehydration reaction. With the
exception ofMn, Fe and Si, there is littlevidence of
significant elementalmobility in the reaction. For
example, electron microprobe analyses slioat the
Cr and Al contents of the enstati@nd thefayalitic
olivine (including the nanometer sized chromite crys-
tals) areessentially identicalThis would certainly not
be expected ithe precursor to the olivineere some
type of serpentinepecauseserpentines found replac-
ing enstatite in CMcarbonaceous chondrites [14]

remarkably different in a number of respects, most typically contain up to 2 or 3 wt% AD;. Further

notablytheir inclusionassemblages. These differences

are also reflected in distinct compositional differences,
as determined by electron microprobe. For example,

matrix olivines with their unique inclusionassem-
blage dominated by pentlandite, chromaad poorly-

studies are in progress to address this question further.
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